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As the social economy continues its rapid development, the topic of
sustainable development is an important issue for the world. Sustain-
ability refers tomeeting the needs of the presentwithout compromising
the ability of future generations tomeet their ownneeds. For humans, in
particular, sustainability corresponds to the long-term maintenance of
responsibility and has three dimensions: environmental sustainability,
economic sustainability, and social sustainability. In this paper, we aim
to treat the problem of sustainability in all its dimensions. Energy, one
of the issues that play amajor role in sustainable development, involves
all the three dimensions of sustainability. Statistics indicate that rapid
economic growth around the world is driving the volume of energy
consumption up on a yearly basis. Especially considering the fact that
some developing regions are growing at a staggering rate, the world
will likely exhaust several types of energy in several decades if this
pace of consumption continues unchecked. This paper concentrates on
energy consumption from the transportation sector, which amounts to
20 to 30% of the total, and discusses related policy implications.
In order to control the consumption of energy, it is crucial to deter-
mine the underlying causes of energy consumption in transportation—
factors that are sophisticated and hard to distinguish at ﬁrst glance.
This is because trafﬁc volume, energy efﬁciency, and distances in bothon of Trafﬁc and Safety Sciences.
lsevier
on behalf of International Associationthe passenger and freight transportation sectors are in constant ﬂux.
Furthermore, differentiation among the variousmeans of transportation
has changed continuously, as well, complicating the issue further. Of all
the factors that can affect energy consumption in the transportation
sector, those that wield positive and negative effects remain problemat-
ic. Moreover, the proportion each of these factors actually accounts
for on an individual basis demands attention. In this case, the effective
analysis off actors and corresponding policy suggestions hinges on
solid input from quantitative research. The next chapter introduces
the methodology for calculating the contributing proportions of the
factors in question.2. Methodology
As stated above, the volume of energy consumption in the transpor-
tation sector is affected by many factors, including the energy intensity
of vehicles, travel distance, and so on. Therefore, there is a certain rela-
tionship between changes in energy consumption and mathematical
changes in the contributing factors: the degree of change in each factor
determines the volume of total change. Decomposition analysis mainly
focuses on the decomposition of change in total and distributes the
change among the effects of its factors according to certain rules.
Decomposition analysis thus decomposes and distributes the changes
in an energy-related aggregate indicator of interest among a number
of pre-deﬁned factors [3]. This chapter decomposes energy consump-
tion changes in the Japanese transportation sector into several factors.
The results illuminate the contribution of each factor to overall energy
consumption. Based on these ﬁndings, policymakers can locate the
key factors and emphasize improvement in the corresponding areas,
thereby providing a foundation for a better balance between energy
conservation and economic development.of Trafﬁc and Safety Sciences.
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mix on industrial energy demand, index decompositionmethodology is
now a common tool in not only industrial ﬁelds but also environmental
ﬁelds in general. Tracing its development back to not long after the
world oil crises in the 1970s, the methodology has remained a target
of study to this day, with more and more related papers presented
every year [4]. The methodology mainly focuses on issues whose total
amounts can be expressed as mathematical products of the factors.
Considering the number of studies reported, index decomposition
analysis is now a widely accepted analytical tool for policymaking on
national energy and environmental issues [2]. Over the course of its
development, the methodology has applied numerous mathematics
algorithms toward decomposition calculation. A survey of studies by
various researchers in recent years reveals that the most common
decomposition methods are apparently the Laspeyres and Divisia
methods, which produce decomposition results easily and reasonably.
However, the issue that can interfere with the results of the two
methods is that there is always the possibility of an unexplained factor
lying beyond the scope of the researchers' imagination. Consequently,
researchers developed two other methods—the Reﬁned Laspeyres
index method and the Logarithmic Mean Divisia index method—to
achieve perfect decomposition that leaves no factors unexplained.
Currently, most decomposition studies use these improved methods.
This section shows the results of decomposing a three-factor case, for
the sake of simplicity, with the two methods discussed by [3]. Using
the principles of these methods, one can perform decomposition on
more factors in a similar way.
Assume that V represents the aggregate of interest and depends
on three independent factors x1, x2, and x3, where V = x1 ∗ x2 ∗ x3.
Considering the problem at hand temporally and discretely, we
assume that the absolute change in V from year 0 to T, ΔV, will be
decomposed to determine the effects associated with factors x1, x2,
and x3. We have:
V0 ¼ x01  x02  x03;VT ¼ xT1  xT2  xT3;
ΔV ¼ VT−V0 ¼ xT1  xT2  xT3−x01  x02  x03:
The purpose of this decomposition is to evaluate the effects imposed
on V by each factor. In otherwords, the goal is to calculateΔVx1 ;ΔVx2 ;and
ΔVx3 in order to describe the changes in V caused by factors x1, x2, and
x3, respectively.
Note that Δx1 = x1T− x10, Δx2 = x2T− x20, and Δx3 = x3T− x30.
Therefore,
ΔV ¼ Δx1 þ x01
 
 Δx2 þ x02
 
 Δx3 þ x03
 
−x01  x02  x03
¼ Δx1  Δx2  Δx3þ Δx1  Δx2  x30þ Δx1  x20  Δx3
þ x10  Δx2  Δx3þ Δx1  x20  x30þ x10  Δx2  x03
þ x01  x02  Δx3:
According to the rules of the Reﬁned Laspeyres index method,
changes in an item with only one changing factor are obviously caused
by the changing factor alone. Changes in an item with two changing
factors are divided into two equal parts, and the effect is distributed
evenly between the changing factors. In the same manner, the item
Δx1 ∗Δx2 ∗Δx3 is divided into three equal parts, and the effect is distrib-
uted evenly among all three factors.The decomposition result of this three-factor case is as follows:
ΔVx1 ¼ Δx1  x
0
2  x03 þ
1
2
Δx1  Δx2  x03 þ
1
2
Δx1  x02  Δx3
þ 1
3
Δx1  Δx2  Δx3
ΔVx2 ¼ x
0
1  Δx2  x03 þ
1
2
Δx1  Δx2  x03 þ
1
2
x01  Δx2  Δx3
þ 1
3
Δx1  Δx2  Δx3
ΔVx3 ¼ x
0
1  x02  Δx3 þ
1
2
x01  Δx2  Δx3 þ
1
2
Δx1  x02  Δx3
þ 1
3
Δx1  Δx2  Δx3:
Here, we obtain the universal solution of the decomposition result
for this problem in the same way for more than three factors [8]:
For year 0 to year T, the effect of each factor is calculated using the
equation summarized below:
Ex ¼
X4
s¼1
s−1ð Þ! 4−sð Þ!
4!
X
S : x∈S
Sj j ¼ s
E Sð Þ−E S−xð Þ½ 
where S is a set of some four factors and x is one element of the set. E(S)
is a function where the factor included in S uses the data for year T and
all the other factors use the data for year 0.|S| stands for the number of
elements in set S. S− x stands for set Swith element x gone.
Decomposition results can also be interpreted in two ways: as
multiplicative decomposition and as additive decomposition. In multi-
plicative decomposition, the change in an aggregate is decomposed
into a ratio, while in additive decomposition, the change in an aggregate
is decomposed into absolute changes [3]. These two approaches have
the same essential meaning, but additive decomposition can calculate
the ratio of each factor in the gross.
Using this approach, one can decompose the change in transporta-
tion energy consumption into the effects of its factors. However, there
are so many ways to decompose the transportation energy consump-
tion that the optimal choice is a difﬁcult one to make. We believe that
the factors chosen for the energy consumption decomposition should
fulﬁll the following conditions. First, the energy consumption must
be decomposable by all the factorsmultiplied together; this is a basic re-
quirement, as the methodology itself rests on this foundation. Second,
all the factors must be available for mathematical calculation. Third,
the factorsmust make sense in the scope of the analysis and the context
of using calculation results for policymaking purposes.
Therefore, we introduce indicators for choosing factors that affect
transportation energy consumption. In order to ﬁnd the variables that
properly explain the phenomenon of transportation energy consump-
tion, it is important to explore the theory of indicator analysis. In the
last decade, the development of research on indicators at the national,
regional, local, andﬁeld levels has become a common approach tomeet-
ing the crucial need for assessment tools, which represent a prerequisite
to the implementation of the sustainability concept, especially its envi-
ronmental component [10]. In order to validate the necessity of apply-
ing an indicator-related analysis, we must ﬁrst discuss the concept of
the “indicator”. The following review of the literature concerning the in-
dicator concept provides a brief explanation of indicators and
establishes a practical deﬁnition for use in this paper.
The word “indicator” is deﬁned as something that indicates a phe-
nomenon. Generally speaking, there are ten criteria for the selection of
indicators. It should be kept in mind, however, that the criteria here
simply constitute a list of criteria and do not yet merit consideration
in the context of a procedure for application [5].
1. Validity. A valid indicator must actually measure the issue or factor
it is supposed to measure [11]. A valid indicator must be based on
a conceptual model that justiﬁes how the indicator and the issue
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munity in the particular ﬁeld very well. Validity is a basic require-
ment for an indicator; without conceptual validity, an indicator
could interfere with the analysis results.
2. Reliability. A reliable indicator must consistently give the same
value upon repeated measurements of the same population at
approximately the same time (WHO 2006). In other words, the
phenomenon should be able to generate the same information on
a consistent basis. The user should be able to obtain the same result,
even with different operators, upon repeated use of the indicator.
This criterion is particularly important when obtaining data for
quantitative analysis.
3. Sensitivity. A sensitive indicator must be able to reveal important
changes in the factor of interest (WHO 2006). Indicators should
generally react clearly and promptly to signiﬁcant changes in the
phenomenon under investigation. When dealing with statistical
variables, the data should be meaningful and identify the phenom-
enon well.
4. Measurability. A measurable indicator should be straightforward
and relatively inexpensive tomeasure [12]. It is important for an in-
dicator to bemeasurable and calculable using simple tools and sim-
ple data that are easy to achieve at a raw level [13]. Measurability is
a criterion of the category in operation. Simple indicators are always
considered more measurable than indicators comprising many
others. For example, the support rate for a given policy ismoremea-
surable than the average opinion on the policy.
5. Data availability. Indicators that satisfy the data availability criterion
use input data that are readily available or that users can access at
reasonable costs and within a reasonable timeframe [7]. The data
should be accurate, be comparable over time, include historical in-
formation, and cover a sufﬁcient geographic area [14]. This criterion
is especially important in quantitative analysis calculations. If key
data are not available, it is impossible to perform the calculations,
let alone conduct analyses using the indicator for the phenomenon.
6. Ethical concerns. An indicator must comply with fundamental
human rights and require only data consistent with themorals, be-
liefs, and values of the population (WHO 2006). This is to ensure
that the process of acquiring the information necessary for operat-
ing the indicator does not violate any human right. This criterion
usually applies to surveys and questionnaires used to investigate
personal information. Privacy and other ethical concerns should
not be violated during data collection.
7. Transparency. A transparent indicator is one that intended users can
understand and reproduce. This means that an indicator must de-
scribe the construction of the indicator in an understandable way.
The source of the data for the indicator should also be accessible to
readers who want to verify the corresponding calculations. Readers
beneﬁt from knowing the procedures used to produce the indicator.
8. Interpretability. An interpretable indicator allows for an intuitive
and unambiguous reading. It should be easy to understandwhether
an indicator is a positive variable or a negative variable. For
example, energy consumption and number of trafﬁc accidents
are negative variables (the less the better), while the turnover of
transportation is a positive variable (the more the better). In the
ﬁeld of sustainability, on the other hand, the speed of a vehicle is
ambiguous; emissions from the vehicle and the speed of vehicle
do not act synchronously.
9. Target relevance. A target-relevant indicator must measure perfor-
mance with regard to articulated goals, objectives, targets, or
thresholds. In other words, the selection of the indicator should be
consistent with the objectives and goals of the phenomenon analy-
sis. Indicators that do not or cannot measure performance with
regard to any goals or targets detract from the management and
decision-making functions of indicators.
10. Actionability.An actionable indicatormeasures factors thatmanage-
ment or policy action can change or inﬂuence directly. Actionabilitysigniﬁes the role of indicators as tools that support management
and decision making. The point of actionability is to ensure that
follow-up action pertaining to the indicator should be immediately
apparent (WHO 2006).
In 2005, Rice and Rochet formulated one of themost detailed frame-
works for indicator selection. Their approach comprises eight steps:
1. Determine user needs
2. Develop a list of indicator candidates
3. Determine screening criteria
4. Score indicators against criteria
5. Summarize scoring results
6. Decide how many indicators are needed
7. Make ﬁnal selection
8. Report on the suite of indicators
Our research follows these steps to identify proper indicators for
the issue in question. Of all the steps, scoring the indicator candidates
represents the most crucial procedure and thus requires a detailed
explanation.
Here, we introduce a ﬁve-level evaluation system for scoring the
degree to which each indicator candidate satisﬁes a criterion. If an indi-
cator candidate satisﬁes the criterion excellently, it gets 9 points; if an
indicator candidate satisﬁes the criterion well, it gets 7 points; and so
on: a candidate that satisﬁes the criterion fairly gets 5 points; a candi-
date that satisﬁes the criterion to a limited degree gets 3 points; and,
ﬁnally, a candidate that satisﬁes the criterion poorly gets only 1 point.
Scores that lie between adjacent levels are also acceptable if necessary;
likewise, a score of 2, 4, 6, or 8 can be given if appropriate. After scoring
all the candidates against each criterion, we sum the points together,
rank the candidates by total score, and deem the candidates with the
most points the most appropriate indicators.
The process of giving points to indicator candidates is subjective:
different scorers may give different evaluations based on their own
opinions, even in the same situations. Still, we consider this method
effective because the ultimate objective of the scoring process is to
generate a ranking of the candidates relative to one another, not to
determine absolute total scores. Therefore, we could theoretically give
scores from 1 to 9 or other use evaluation systems such as the 1–5-
point evaluation system; as long as the scorer adheres to the conditions
when scoring the candidates and maintains his or her opinions, the
ranking of the candidates will essentially be the same.
Criteria 5, 6 and 7 aremandatory for the evaluation in our case study,
so we eliminate them from consideration.We then analyze the possible
factors contributing to transportation energy consumption: number of
trips, population, energy intensity, and number of vehicles, evaluating
the four candidates against the criteria one by one as follows:
1. Number of trips:
Validity: This variable is indeed based on a conceptual model and
casually connected to the issue in question. The deﬁnition is also
accepted all over the world. 9 points
Reliability: This variable is highly reliable because its value is con-
stant even when measured for another time. 9 points
Sensitivity: This variable is sensitive to the high-energy-consuming
vehicles used. All vehicles are considered the same when traveling.
9 points
Measurability: This variable can be measured in a straightforward
way and achieved easily. 9 points
Interpretability: Based on constant energy consumption, this variable
is clearly a positive variable (the more the better). 9 points
Target relevance: This variable measures the most target-relevant
output for the achievement of transport activity when consuming
energy. 9 points
2. Population:
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policy action directly. 9 points
Validity: This variable is indeed based on a conceptual model and
casually connected to the issue in question. The deﬁnition is also
accepted all over the world. 9 points
Reliability: This variable is highly reliable because its value is con-
stant even when measured for another time. 9 points
Sensitivity: This variable is not so sensitive to energy consumption in
the transport sector. 5 points
Measurability: This variable can be measured in a straightforward
way and achieved easily. 9 points
Interpretability: It is difﬁcult to tell whether this variable is positive
(themore the better). It leads tomany factor analysis results. 5 points
Target relevance: This variable measures the target-relevant output
not so much. 3 points
Actionability: This variable can be inﬂuenced by management or
policy action but in a rather limited scope. 5 points
3. Energy intensity
Validity: This variable is indeed based on a conceptual model and
casually connected to the issue in question. The deﬁnition is also
accepted all over the world. 9 points
Reliability: This variable is reliable at a certain range for its value.
However, the value is not intuitive but rather depends on calcula-
tions of other variables. 7 points
Sensitivity: This variable is sensitive when the energy source is
changed or the efﬁciency of a vehicle is changed. 9 points
Measurability: This variable is slightly difﬁcult to measure in a
straightforward way and achieve. 5 points
Interpretability: Based on constant energy consumption, this variable
is clearly a negative variable (the less the better). 9 points
Target relevance: This variable measures the target relevantly.
9 points
Actionability: This variable can be inﬂuenced by management or
policy action. 9 points
4. Number of vehicles
Validity: This variable is indeed based on a conceptual model and
casually connected to the issue in question. The deﬁnition is also
accepted all over the world. 9 points
Reliability: This variable is highly reliable because its value is
constant even when measured for another time. 9 points
Sensitivity: This variable is sensitive to the distance that high-
energy-consuming vehicles travel but ignores the existence of
vehicles with high energy efﬁciency. All vehicles are considered the
same when traveling. 7 points
Measurability: This variable can be measured in a straight forward
way and achieved easily, but it changes too rapidly for researchers
to determine a precise value. 5 points
Interpretability: This variable is negative (the less the better) but also
depends on the rate of utilization. 5 points
Target relevance: This variable measures the target relevantly at a
certain range. 7 pointsTable 1
Evaluation of indicator candidates.
Criteria Number
of trips
Population Energy
intensity
Number
of vehicles
Validity 9 9 9 9
Reliability 9 9 7 9
Sensitivity 9 5 9 7
Measurability 9 9 5 5
Interpretability 9 5 9 5
Target relevance 9 3 9 7
Actionability 9 5 9 7
Total score 63 45 57 49Actionability: This variable can be inﬂuenced indirectly by manage-
ment or policy action. 7 points
The points are summarized in Table 1:
3. Data and results
Based on the results of the evaluation, we chose “number of trips”
and “energy intensity” as our decomposition factors. We operate on
the premise that the energy consumption is decomposable by the prod-
uct of all the factors in order to validate the equation.
First, we start with the multiply equation E = O ∗ e.
In this equation, E is the energy consumption in the transport sector;
O is the turnover of transport (per capita kilometer in passenger trans-
port); and e is the energy intensity in the transport sector (energy con-
sumption per turnover). In passenger transport, turnover O
decomposes into the number of trips and average travel distance. The
data for all the factors are sufﬁcient for calculation.
Next, we attempt to decompose energy intensity e. Normally, the
factors are always described as ﬁgures to be analyzed and calculated.
However, the transport sector comprises many kinds of transport
vehicles such as trains, cars, airplanes, and so on; each vehicle type
has its own unique energy intensity, making integration impossible.
To deal with this special condition, we introduce vector variables into
the ﬁeld of factors. The vector variable factors appear in the shape of
n-dimension row vector 1∗n and n-dimension column vector n∗1 to
represent every means of transport for consideration. We decompose
energy intensity e into a 1∗n vector variable e and an n∗1 vector variable
w for a collection of all the means of transport. The role of variable
w is to enable the breakdown of the turnover that each transport sector
accounts for. Multiplying e by w produces comprehensive energy
intensity e. [6] also used the vector variables for index decomposition
methodology. However, the researchers contributed all the expressions
that include more than one factor change to the factor effect of interac-
tion among other factors; doing so can lead to excessive unexplained
factors, which may produce an imperfect decomposition. In contrast,
we intend to decompose every expression fully to analyze the effect of
each factor thoroughly.
In our approach, the decomposing equation is as follows:
Passenger transport : Ep ¼ e w  C  L ¼ er ec es ep
h i WrWc
Ws
Wp
2
664
3
775  C  L:
Therefore, we decompose the volume of total energy consumption
using the equation E = e w C L.
The changes in energy consumed in transportation sectors can thus
be deduced from the factors explained above:
themode energy intensity effect Ee, which reﬂects the effect that the
change in energy intensity for each transportation mode brings in;
themode share effect Ew, which reﬂects the effect that the change in
proportion for each transportation mode brings in;
the travel demand effect EC, which reﬂects the effect that the change
in trip number brings in; and
the travel distance effect EL, which reﬂects the effect that the change
in average distance for each passenger brings in.
Consequently, the changes in energy consumption in passenger
transportation can be decomposed into the above factors as follows:
ΔE ¼ Ee þ Ew þ Ec þ EL:
This paper introduces a vector variable that makes it impossible to
decompose the change via multiplicative decomposition. In this case,
we thus have no choice but to use the Reﬁned Laspeyres method to
decompose the change into an additive decomposition. Note that vector
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Δe ∗w+Δe ∗Δw. We treat the vectors as normal ﬁgures in calculation,
and the Reﬁned Laspeyres method is suitable for decomposition with
vector factors all the same. As one can infer that the Shapley decompo-
sition method would produce the same result for this problem, it is
easier to layout the solution via the results of a Shapley decomposition.
The data used in this study is from the EDMC Handbook of Energy &
Economic Statistics in Japan [9], which was published by The Energy
Data and Modeling Center, and the Statistics Data of Transportation
[1,9], whichwas published by the Agency for Natural Resources and En-
ergy of the JapaneseMinistry of Economy, Trade and Industry. As for the
vector variables, based on the data provided, the vector dimension is set
to four to denote road, railway, ship, and air transportation.
Thanks to the consistent, annual supplies of original data in recent
years, we found that the ﬁgures demonstrate continuity without obvi-
ous ﬂuctuations. Thus, it is feasible to select and analyze any group
of data from these years without needing to worry about essentially
revising the results due to special data in the database. For our study,
we inspect the three ten-year periods from 1975 to 2005—a time
frame that allows us to trace forward from the years of the oil crisis
through to recent times. Accordingly, we choose the data for the years
1975, 1985, 1995, and 2005 to perform a three-period decomposition
analysis. Fig. 1 through Fig. 5 show the raw data we gathered from the
available literature:
Table 2 shows the results of the Reﬁned Laspeyres method-based
decomposition, arranging the ﬁgures by the effect of each factor and
period studied. The Table also indicates the percentage each factor
occupies for clarity.The results of the decomposition clearly suggest that most of the
factors for analysis in the passenger transport sector drove up the total
energy consumption across these years. To simplify our discussion, we
call the 1975–1985 period “Period 1,” the 1985–1995 “Period 2,” and
the 1995–2005 period “Period 3.”
The effect of trip number accounts a large proportion in all the
periods. In Period 1, it contributes 43,960 trillion calories to overall
energy consumption—the largest share of the passenger transport
energy consumption. In Period 2, its contribution surges into 193,460
trillion calories, a value four times greater than the level from Period
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147J. Jiang / IATSS Research 38 (2015) 142–1481. In terms of both passenger transport energy consumption and total
transport energy consumption alike, trip number represents the princi-
pal factor and has much larger effects than the second-most powerful
factor. In Period 3, the proportion is still large but no longer prevailing;
the absolute value of the factor also settles. Using this decomposition
analysis, one can see that trip number is the factor in passenger trans-
port that signiﬁcantly affects energy consumption in the transport
sector across all the three periods. The numbers imply that Japanese
people have cared seriously about traveling in periods 1975–2005 and
that reducing energy consumption in the transport sectorwould require
special action.
In contrast, the factor of average trip distance does not have much
impact on passenger transport. It accounts for just 9.9% and 7.7% of
the total in Periods 1 and 2, respectively, giving it the slightest impact
of all the factors in passenger transport. In Period 3, the factor's effects
on energy consumption become even smaller. The average trip distance
increase in Period 1 and Period 2 and decrease in Period 3, but the range
of the change remains stable.
Our analysis emphasizes the effects of factors in vector form on
decomposition results, or the effects of mode energy intensity and
transportmode share. The effect ofmode energy intensity varies greatlyTable 2
Decomposition results of energy consumption in the Japanese transportation sector. (Unit of e
1975–1985
Volume
Effect of mode energy intensity (ΔEeP) 1488
Effect of mode share (ΔEwP) 3321
Effect of trip number (ΔEc) 4396
Effect of trip distance (ΔEL) 1006
Changes in passenger transportation energy consumption (ΔEP) 10,211from Period 1 to Period 3. The effect of mode energy intensity contrib-
utes 14.5% of the total in Period 1, with cars accounting for increased
intensity as the intensity levels of ships and airplanes drop. This energy
intensity increases overall energy consumption. In Period 2, the effect of
mode energy intensity contributes−32.0% of the total, mainly due to
improvements in the energy intensity of cars. The effect of mode energy
intensity recovers in Period 3 to 63.8%, a change that should be attribut-
ed to the increasing energy intensity of cars and ships. In terms of abso-
lute values, the largest change occurs in Period 2, where the change of
car energy intensity is also the largest. The improvement in the energy
intensity of airplanes has hardly any effect because its breakdown of
turnover is very small. Railway's breakdown of turnover may not be
small, but the mode's energy intensity remains relatively constant
across the periods. To change the energy intensity of cars is thus the
key to controlling the changes in energy consumption caused by energy
intensity in the passenger transport sector.
The analysis of themode share factor mainly explores how theways
of the transport structure affect energy consumption. Unfortunately, the
investigation shows that the effect of mode share contributes a positive
amount of energy consumption in all three periods. Therefore, the struc-
ture is changing in away that adversely impacts the reduction of energy
consumption. A comparison of the raw data and the decomposition
results reveals that the increase of the car breakdown is themain reason
for the increase in energy consumption. Period 2 sees both a surge in the
car proportion and a clear increase in absolute amount; in our analysis,
therefore, we conclude that the breakdown of cars within the total
means of transport expresses the characteristic of themode share effect
most of all.
4. Conclusions and policy implications
The transportation sector is one of the principal sources of energy
consumption. Its contribution to overall energy consumption has in-
creased steadily over the last few decades and will likely continue to
grow in the years to come. Efforts to control energy consumption in
the transportation sector thus demand signiﬁcant attention. Inhibiting
the development of transportation may be a direct and valid method,
but such measures would be far from our real intention and shock the
economy. The key is to ﬁnd a balance between energy consumption
and economic development in order tomaintain both the sustainability
of resources and economic growth at the same time.
In this paper, we used decomposition analysis with vectors to
decompose the change in energy consumption into the effects of several
factors. The results show that the effect of trip number has the strongest
inﬂuence on energy consumption in passenger transportation. Another
clear conclusion is that the effect of mode share makes consistently
positive contributions in the passenger transportation sector. The effect
of energy intensity, meanwhile, behaves irregularly across all the
periods for consideration. The effect of average trip distance, mean-
while, is small but not trivial. These ﬁndings have the following policy
implications.
First, the reduction of energy intensity is the fundamentalmethod of
controlling energy consumption in the transportation sector. In the pas-
senger transportation sector, the effect of energy intensity is gettingnergy consumption: 1010 kcal).
1985–1995 1995–2005
Percentage Volume Percentage Volume Percentage
14.5 −6475 −32.0 3046 63.8
32.6 5755 28.4 766 16.0
43.0 19,346 95.9 2663 55.8
9.9 1550 7.7 −1703 −35.6
100.0 20,176 100.0 4772 100.0
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determined that the energy intensity of passenger cars represents the
largest factor in energy consumption. Therefore, reducing the energy in-
tensity of passenger cars would be an effective measure. Recent years
have seen a surge in car ownership as more and more people buy cars
for personal use. From the perspective of long-term energy conserva-
tion, the ﬁndings suggest that car owners should use environmental
cars, which consume less energy than conventional cars at reduced en-
ergy intensity or can run on new types of energy altogether. Govern-
ments should thus emphasize policies that encourage the use of
environmental cars. The Japanese government grants allowances for
the purchase of environmental cars, working to help environmental
cars establish a larger market share, and restricts the sales of cars with
lower fuel efﬁciency levels via administrative force. Furthermore,
some of the government's “eco-model” cities eschew conventional pub-
lic transportation for environmentally friendly vehicle alternatives.
Second, the effect of the transportation mode share demonstrated a
consistently positive inﬂuence over the periods in question. This, then,
is the very factor that requires regulation. The structure of the transpor-
tation sector is apparently becoming more and more incompatible
with efforts to reduce energy consumption. In examining the data on
transportation mode share levels for recent years, we found that the
breakdown of car turnover has risen higher and higher, consuming
more energy per unit of transportation volume than the other means
of transportation have. In order to reduce energy consumption, there
is no doubt that policies should encourage other means of transporta-
tion besides cars, such as railways, bicycles, and others that consume
less energy. Major cities in Japan have built extensive railway and
subway systems that provide punctual, inexpensive, and comfortable
travel services to citizens. Due to the comparatively high prices of
the Shinkansen (bullet train), however, some residents of the country
tend to use express buses for long-distance trips across the country—
especially during the night, when the Shinkansen is unavailable—for
the sake of convenience and affordability. From the policy perspective,
Japan Railways should offer new train service plans for long, cross-
country journeys on conventional railway lines. For example, the JR
companies responsible for different areas of Japan could work together
in operating some long-distance trains during the night for long-
distance trips, supplying passengers with beds and food service. Offer-
ing the beneﬁts of cheap prices, punctuality, and reliability, new railway
services would likely attract many passengers who would otherwise
travel in their own cars or express buses. Furthermore, it would also
be effective to develop the Shinkansen and/or other railway lines fur-
ther to facilitate freight transport; such development would eliminate
some of the cargo burden on high-energy-intensity trucks. Moreover,
people need to be encouraged to ride bicycles and walk. Policies couldfocus on creating bicycle parking lots, bicycle lanes, and bicycle rental
centers, for example. Through the media, the government might also
try to emphasize the importance of riding bicycles andwalking in living
a healthy lifestyle.
Finally, the results of our study show that the effect of average trip
distance is weakening despite high trip numbers. This ﬁnding might
suggest that, in many cases, travelers all over the country can satisfy
their travel needs in short distances. The government should encourage
working at home or nearby locations and build convenient centers
around residential areas to satisfy the needs of local residents. This
type of policy is already part of city planning for the future.
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